ABSTRACT: Eight new dihydro-β-agarofurans, denhaminols A−H (1−8), were isolated from the leaves of the Australian rainforest tree Denhamia celastroides. The chemical structures of 1−8 were elucidated following analysis of 1D/2D NMR and MS data. The absolute configuration of denhaminol A (1) was determined by single-crystal X-ray crystallography. All compounds were evaluated for cytotoxic activity against the human prostate cancer cell line LNCaP, using live-cell imaging and metabolic assays. Denhaminols A (1) and G (7) were also tested for their effects on the lipid content of LNCaP cells. This is the first report of secondary metabolites from D. celastroides.
D
ue to its evolutionary isolation, Australia is considered a megadiverse country. 1 The concept of megadiversity is defined as "the total number of species in a country and the degree of endemism at the species level and at higher taxonomic levels". 2 A total of 17 megadiverse countries have been identified, and Australia is ranked fifth in terms of the number of endemic vascular plant species. 2 Australia's floral biodiversity can be explained by the variety of terrestrial ecosystems inclusive of arid, semiarid, shrub land, temperate grassland, and tropical and subtropical rainforest. 2 Denhamia is an Australian endemic genus, consisting of seven species, which belongs to the Celastraceae plant family. 3 This pantropical family contains 87 genera and 1168 species, 4 with 14 genera and 34 species found in Australia. 5 Denhamia celastroides, also known as Orange Box Thorn, grows as a shrub or small tree up to 7 m high. 3 This tree is native to Queensland and northern New South Wales and occurs in most types of rainforest and margins within wet sclerophyll forest. 3 To date, only one phytochemical study has been reported on the genus Denhamia, with chemical investigations of the bark of Denhamia pittosporoides affording the highly cytotoxic quinonemethide triterpene pristimerin. 6 Furthermore, plants of the Celastraceae family are known to produce different classes of compounds, including diterpenes, 7 triterpenes, 8 sesquiterpenes, 9 and alkaloids. 7, 9 Most of the sesquiterpenes isolated from this plant family are dihydro-β-agarofurans, which are based on a 5,11-epoxy-5β,10α-eudesman-4-(14)-ene skeleton. 10 These compounds can be oxygenated in numerous positions and display a variety of substituents, such as O-acetyl, Obenzoyl, and nicotinoyl rings. 7 This structure class is so widespread in this plant family that they are considered as chemotaxonomic indicators of Celastraceae. 11 This compound class has been shown to exhibit a broad range of biological activities, such as insecticidal, 12 cytotoxicity, 13 and suppression of multidrug resistance (MDR) in cancer cells. 14 D. celastroides was selected for this study due to the propensity of Celastraceae species to produce bioactive and new compounds and the fact that no phytochemical studies had been previously undertaken on this endemic Australian species.
This report describes the isolation and structure elucidation of eight new dihydro-β-agarofurans, denhaminols A−H (1−8) , from the leaves of D. celastroides. Furthermore, the in vitro cytotoxicity evaluation for all compounds toward LNCaP prostate cancer cells is also reported, as well as the effect of denhaminols A (1) and G (7) on the cellular content of phospholipids and neutral lipids.
■ RESULTS AND DISCUSSION
The major metabolite, compound 1, was isolated as colorless needles. The molecular formula was determined to be C 30 H 38 O 10 , as indicated by the (+)-HRESIMS and NMR data. The IR spectrum of 1 showed absorption bands consistent with a hydroxy group (3544 cm −1 ) and ester groups (1739 cm −1 H coupling constants, identified two spin systems. The first system contained the proton at δ H 5.43 (H-1) and two sets of methylene protons [δ H 1.45 m (H2a), 1.92 m (H-2b), 1.71 m (H-3a), 1.91 m (H-3b)]. The second spin system was located between the methine protons at δ H 2.14 (H-7) and 5.21 (H-9) and the methylene protons (H-8) resonating at δ H 2.17 and 2.47. Two angular methyl groups (δ H 1.52 and 1.54) showed HMBC correlations ( Figure  1A ) to the same quaternary carbon at δ C 84.2 and to the carbon bearing the proton at δ H 2.14 (H-7). The angular methyl at δ H 1.32 (CH 3 -12) was attached to a downfield carbon at δ C 70.1 (CH 3 -12/C-4 HMBC correlation), bearing a hydroxy group. This angular methyl also exhibited HMBC correlations to the carbons resonating at δ C 38.2 (C-3) and 91.3 (C-5). Downfield chemical shifts of protons at δ H 5.43 (H-1), 5.21 (H-9), and 6.06 (H-6) were assigned to methine protons geminal to ester groups. The O-acetyl signals at δ H 1.81 (OAc-1) and 2.10 (OAc-6) showed long-range HMBC correlations to C-1 and C- 15 An HMBC correlation between the downfield methine proton at δ H 5.21 (H-9) and the carbonyl (δ C 165.5) allowed the trans-cinnamoyl moiety to be positioned at C-9. The relative configuration of 1 was determined following analysis of the NOESY experimental data ( Figure 1B) . The α-orientation of H-6 was established since NOE correlations were observed to H-7 as well as CH 3 -12, which always has an α-orientation in dihydro-β-agarofurans. 10 The NOE cross-peak between H-9 and the signals of H-11 supported the α-orientation for H-9. The α-orientation of one of the methylene signals for H-2 (δ H 1.45) was determined by the NOE correlation to the methylene proton, H-11 (δ H 4.45). A strong NOE correlation between H-1 and the second methylene signal for H-2 (δ H 1.92) allowed a β-orientation to be assigned to H-1. This was in good agreement with a number of studies that have shown that in dihydro-β-agarofurans H-1 has a β-orientation. 16, 10, 17 The structure of compound 1 was confirmed by X-ray crystallography, which also allowed the absolute configuration to be assigned ( Figure 2) . 18 Thus, compound 1 was assigned as (1S,4S,5S,6R,7R,9S,10S)-1,6,11-triacetoxy-4-hydroxy-9-cinnamoyloxydihydro-β-agarofuran and was assigned the trivial name denhaminol A (1).
Compound 2, named denhaminol B, gave the elemental formula C 30 Figure 3 ). The HMBC data in addition to the MS data indicated that the methylene proton (H-8) in 1 was replaced by a hydroxy methine group in 2. The NOESY data were similar to those of 1, with the exception of NOE correlations between the oxymethine proton H-8 and H-6, H-7, and H-9, which confirmed the α-orientation of H-8. Thus, compound 2 was assigned as 1α,6β,11-triacetoxy-4β,8β-dihydroxy-9β-cinnamoyloxydihydro-β-agarofuran.
The molecular formula of denhaminol C (3) was determined to be C 28 H 36 O 9 according to the NMR and (+)-HRESIMS data. Analysis of the 1D and 2D NMR spectra of 3 indicated it was also structurally related to denhaminol A (1), the difference being the presence of two acetates (δ H 1.81 and 2.18) and an additional hydroxy group (δ H 5.12) in 3, whereas denhaminol A displayed three O-acetyl singlets. This additional hydroxy group displayed HMBC correlations ( Figure 4 ) to C-6 (δ H 78.8) and C-5 (δ H 91.1). Furthermore, H-6 resonated as a doublet in 3 with the same coupling constant (J = 5.3 Hz) as the hydroxy group (δ H 5.12). It was deduced that the O-acetyl group at C-6 in denhaminol A (1) was replaced in compound 3 by a hydroxy group. The NOE cross-peaks between the signal of H-7 and H-6 and as well as between H-9 and the methylene protons H-11 were used to determine the α-orientation of both H-6 and H-9. Thus, compound 3 was assigned as 1α,11-diacetoxy-4β,6β-dihydroxy-9β-cinnamoyloxydihydro-β-agarofuran. 
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Article Denhaminol D (4) was isolated as a stable white gum, with a molecular formula of C 35 correlations between the extra set of methylene protons and the benzoyl carbonyl (δ C 166.1), C-7 (δ C 49.0), and CH 3 -15 (δ C 25.2). These data suggested that the benzoyl group was attached to the dihydro-β-agarofuran scaffold at C-14. The NOESY data for H-1, H-6, H-7, H-9, and H-11 were similar to those of denhaminol C (3), indicating the β-orientation of H-1 and the α-orientation of H-6 and H-9. Thus, compound 4 was assigned as 1α,11-diacetoxy-4β,6β-dihydroxy-9β-cinnamoyloxy-14-benzoyloxydihydro-β-agarofuran.
Compound 5, named denhaminol E, was found to possess a molecular formula of C 37 H 42 O 12 , following the interpretation of (+)-HRESIMS and NMR data. When comparing the 1 H NMR spectra of 4 and 5, an additional O-acetyl signal in 5 (δ H 2.13) suggested that OH-6 in 4 was acetylated in 5. This was confirmed by an HMBC correlation ( Figure 6 ) between the methine proton H-6 (δ H 6.16) and the O-acetyl carbonyl (δ C 170.4) and by the fact that H-6 resonated as a singlet. The H-9 signal showed a NOE correlation to the methylene protons H-11, confirming the α-orientation of the latter. The NOESY data also confirmed the α-orientation of H-6 (NOE cross-peak with CH 3 -12, H-7, and H-11). Thus, compound 5 was assigned as 1α,6β,11-triacetoxy-4β-hydroxy-9β-cinnamoyloxy-14-benzoyloxydihydro-β-agarofuran.
The 1.38 ) and an extra methine proton (δ H 4.55). The lack of one methylene in 6 compared to denhaminol E (5), in conjunction with the extra methine proton (δ H 4.55, dd, J = 6.4, 3.2 Hz) in 6, and the COSY (H-7/H-8/H-9) and HMBC (H-6/C-8) correlations (Figure 7) , indicated a hydroxy group at C-8. The H-1 (δ H 5.40) and H-9 (δ H 5.13) signals exhibited HMBC correlations to the extra methyl group resonance (δ C 19.6). Moreover, this same methyl group showed a strong HMBC correlation to the quaternary carbon at δ C 49.9, confirming the presence of a methyl at C-10 in 6. The set of methylene protons at δ H 4.35 and 4.47 showed HMBC correlations to the carbonyl carbons resonating at δ C 170.0 and 167.6. These data along with the HMBC correlations between the methine proton H-1 (δ H 5.40) and the carbonyl at δ C 167.6 as well as from the methyl at δ H 1.93 to the carbonyl carbon at δ C 170.0 suggested that the substituent at C-1 was an acetoxyacetate. 19 The relative configuration of 6 was assigned following NOESY data analysis. NOESY correlations between H-6 and H-7 and CH 3 -11 and CH 3 -12, as well as cross-peaks between H-8 and H-7 and CH 3 -11 and NOEs observed from H-9 and CH 3 -11, confirmed the α-orientation of H-6, H-8, and H-9. Thus, compound 6 was assigned as 1α-acetoxyacetate-4β,8β-dihydroxy-6β-acetoxy-9β-cinnamoyloxy-14-benzoyloxydihydro-β-agarofuran and was given the trivial name denhaminol F (6). This is only the second report of a dihydro-β-agarofuran containing an acetoxyacetate functional 
Article group, with the first one being vaalens-3, which was isolated in 1990 by Begley et al. 20 The minor metabolite, compound 7, was assigned the molecular formula C 35 H 44 O 13 following (+)-HRESIMS and NMR data analysis. These data indicated that, in comparison to denhaminol F (6), compound 7 did not contain a benzoyl group. However, additional signals that corresponded to one olefinic methine proton (δ H 6.86) and two deshielded methyl groups (δ H 1.80 and 1.81) were present in the 1 H NMR spectrum of 7. COSY data (Figure 8 ) and the multiplicity and coupling constant of the olefinic methine at δ H 6.86 (q, J = 6.6 Hz) indicated this proton to be geminal to one methyl group (δ H 1.80, d, J = 6.6 Hz). The HMBC data between the second deshielded methyl (δ H 1.81), the carbonyl (δ C 167.9), and the carbon bearing both the olefinic methine proton and the vicinal methyl were used to establish a 2-methyl-2-butenoic acid moiety. 21 The chemical shifts and coupling constants were typical of a tiglic acid moiety. 21 This E configuration was confirmed by comparison of 1 H NMR data with commercially available tiglic and angelic acids ( Figures S42−S45 , Supporting Information). The set of methylene protons at C-14 (δ H 4.71− 4.76) displayed HMBC correlations to the tiglic carbonyl (δ C 167.9), confirming that the benzoyl group in 6 was replaced by a tigloyl group in 7. The NOESY spectra of 6 and 7 were identical in relation to H-6, H-8, and H-9, indicating the α-orientation of these methine protons. Thus, compound 7 was assigned as 1α-acetoxyacetate-4β,8β-dihydroxy-6β-acetoxy-9β-cinnamoyloxy-14-tigloyloxydihydro-β-agarofuran and was given the trivial name denhaminol G (7).
The final dihydro-β-agarofuran of the series, denhaminol H (8), was assigned a molecular formula of C 37 H 46 O 14, following (+)-HRESIMS and NMR data analysis. The 1D and 2D NMR data of compound 8 closely resembled those of denhaminol G (7); however data comparison showed that 8 contained an extra O-acetyl signal (δ H 2.25, δ C 21.2) and two additional sets of methylene protons (δ H 4.41−4.62 and 2.18−2.51) and lacked a methyl signal that was present in 7. These observations indicated that 8 possessed an O-acetyl group at C-11, which was confirmed by HMBC correlations (Figure 9 ) from the methylene protons (δ H 4.41 and 4.62) to the quaternary carbon C-10 (δ C 54.0) and to the acetyl carbonyl at δ C 170.4. Chemical shift and COSY and HMBC correlations were used to position the remaining methylene protons (δ H 2.18 and 2.51) at C-8. NOE cross-peaks between the signal of H-11 and H-6 and H-9 were used to determine their α-orientation. Thus, compound 8 was assigned as 1α-acetoxyacetate-4β-hydroxy-6β,11-diacetoxy-9β-cinnamoyloxy-14-tigloyloxydihydro-β-agarofuran.
Due to our interest in the discovery of new small molecules that inhibit the growth of prostate cancer cells, 22, 23 denhaminols A−H (1−8) were tested against the LNCaP cell line (human prostate carcinoma), using a metabolic assay (AlamarBlue). All compounds were found to have an IC 50 greater than 10 μM after 72 h of treatment ( Figure S46 , Supporting Information). The effect of denhaminols A−H (1− 8) on cell growth was also evaluated using a live-cell imaging based assay. Proliferation of LNCaP cells was monitored as a function of cell confluence, using an IncuCyte system ( Figures  S47 and S48, Supporting Information) . Denhaminol G (7) showed the most significant biological response in this assay. During the first hours of treatment with 7, cell confluence and morphology were similar to the DMSO control ( Figures 10A) . However, in a time-and concentration-dependent manner, cells became flat, enlarged, and highly granular and eventually burst ( Figure 10B ). The growth profile and cell morphology of LNCaP cells treated with 7 showed similarities to those described by Sadowski et al., 24 where LNCaP cells were treated with the acetyl-CoA carboxylase inhibitor TOFA or the fatty acid synthase inhibitor orlistat, 25 which both inhibit de novo synthesis of fatty acids. 26, 27 To further investigate the possibility that the denhaminol-induced morphological phenotype was caused by changes to the cellular lipid levels, LNCaP cells were treated with the two major natural products denhaminols A (1, 60 μM) and G (7, 25 μM), TOFA (10 μM), and DMSO (negative control), and the cellular lipid content was analyzed by fluorescence microscopy. As shown in Figure 11A , denhaminol A (1) and TOFA visibly reduced the neutral lipid (sterols, triglycerides, and fatty acids, which are mainly found in lipid droplets) content when compared to control (DMSO). Quantitative analysis demonstrated that denhaminols A (1) and G (7) significantly reduced the cellular levels of both neutral lipids and phospholipids (phosphatidylcholine, phosphatidylethanolamine, and phosphatidylserine, which are major components of cell membranes), in a similar fashion as TOFA ( Figure 11B and C) .
One of the striking hallmarks of cancer is the reprogramming of metabolic pathways such as lipid synthesis (reviewed by Zhang et al. 28 ). Despite the abundance of exogenous fatty acids provided through the diet, cancer cells synthesize most of their required saturated and monounsaturated fatty acids de novo through enhanced lipogenesis. Dysregulation of lipogenesis has been found in almost all types of cancer and is critical during the early process of transformation, cancer cell survival, and tumorigenesis and is associated with the aggressiveness of the disease. This unique requirement for de novo lipid synthesis provides an excellent target for pharmacological intervention. The discovery that denhaminols A and G affect lipid homeostasis and reduce the lipid content of LNCaP prostate cancer cells warrants further investigation.
■ EXPERIMENTAL SECTION
General Experimental Procedures. Melting points were determined using a Cole-Parmer (Vernon Hills, IL, USA) melting point apparatus and were uncorrected. Optical rotations were recorded on a JASCO P-1020 polarimeter (Easton, MD, USA). IR and UV spectra were recorded on a Bruker Tensor 27 spectrophotometer (Billerica, MA, USA) and a JASCO V-650 UV/vis spectrophotometer, respectively. NMR spectra were recorded at 30°C on a Varian 600 MHz Unity INOVA spectrometer (Palo Alto, CA, USA). The 1 H and 13 C chemical shifts were referenced to the solvent peaks for CDCl 3 at δ H 7.27 and δ C 77.0, respectively. Standard parameters were used for the 2D NMR experiments, which included HSQC ( 1 J CH = 140 Hz) and HMBC ( n J CH = 4.0 Hz). LRESIMS data were recorded on a Waters LC-MS system (Milford, MA, USA) equipped with a Phenomenex Luna C 18 column (3 μm, 100 Å, 4.6 × 50 mm, Torrance, CA, USA), a PDA detector, and a ZQ ESI mass spectrometer. HRESIMS were recorded on a Bruker MicrOTof-Q spectrometer (Dionex UltiMate 3000 micro LC system, ESI mode). All solvents used for chromatography, [α] D , UV, and MS were LabScan HPLC grade (Gliwice, Poland), and the H 2 O was Millipore Milli-Q PF filtered (Billerica, MA, USA). Merck silica gel 60 (0.04−0.063 mm, Billerica, MA, USA) packed into an open glass column (23 × 5 cm) was used for flash chromatography. Thin-layer chromatography (TLC) was performed on Merck silica gel 60 F254 precoated aluminum plates and was observed using UV light. Phenomenex endcapped Sepra C 18 bonded silica (35−75 μm, 150 Å) was used for fraction preadsorption work, and the resulting material was packed into an Alltech stainless steel guard cartridge (10 × 30 mm, Columbia, MD, USA). A Waters pump 600 fitted with a Waters 996 photodiode array detector and Gilson 717 plus autosampler (Middleton, WI, USA) was used for semipreparative and analytical HPLC separations. A Thermo Fisher Scientific Betasil phenyl column (5 μm, 143 Å, 21.2 × 150 mm, Waltham, MA, USA) was used for semipreparative HPLC. A Fritsch Universal Cutting Mill Pulverisette 19 (Idar-Oberstein, Germany) was used to grind the air-dried plant material. An Edwards Instrument Company Bioline orbital shaker (Narangba, Australia) was used for the large-scale plant extractions. Tiglic acid and angelic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA) and ACBR (Karlsruhe, Germany), respectively.
Plant Material. Leaves of Denhamia celastroides (F. Muell.) Jessup (Celastraceae) were collected from Walton Bridge Reserve, The Gap, Australia, in October 2012. A voucher specimen (RAD059) has been deposited at the Eskitis Institute for Drug Discovery, Griffith University, Brisbane, Australia. The plant material was air-dried, ground to a fine powder, and stored at room temperature prior to extraction.
Extraction and Isolation. The air-dried and ground leaves of D. celastroides (55 g) were poured into a conical flask (1 L), CH 2 Cl 2 (500 60 μM) , and denhaminol G (7, 25 μM). The mean fluorescence intensities (FI) of cellular neutral lipids and phospholipids of Nile Red-stained LNCaP cells were quantified with CellProfiler (n ∼ 300 cells, mean ± SD, oneway ANOVA with Dunnett's multiple comparison test, ***p < 0.001). mL) was added, and the mixture was shaken on the orbital shaker at 200 rpm for 2 h at room temperature. The resulting extract was filtered under gravity and set aside. This extraction process was repeated three times to yield a CH 2 Cl 2 extract (2500 mL), which was dried under reduced pressure to yield a dark green gum (2.0 g). A portion of the CH 2 Cl 2 extract (1.6 g) was resuspended in MeOH and subjected to silica flash chromatography using a stepwise gradient elution from 80% n-hexane/20% EtOAc to 100% EtOAc. One-hundred fractions (100 × 20 mL) were collected and analyzed by TLC. The fractions containing dihydro-β-agarofurans were further investigated by LC-MS and 1 H NMR spectroscopy. Fractions 56−62 (60 mg) were combined, dried down, preadsorbed to C 18 bonded silica, and packed into a stainless steel cartridge. This cartridge was subsequently attached to a semipreparative Betasil phenyl HPLC column, and linear gradient conditions from 50% MeOH (0.1% TFA)/50% H 2 O (0.1% TFA) to 90% MeOH (0.1% TFA)/10% H 2 O (0.1% TFA) were run over 50 min at a flow rate of 9 mL/min. Fifteen fractions (15 × 1 min) were collected between 33 and 48 min, and two pure compounds were obtained, denhaminol C (3, t R = 34−35 min, 5.0 mg, 0.008% dry wt) and denhaminol A (1, t R = 40 min, 7.0 mg, 0.011% dry wt). Fractions 71−73 (16 mg) obtained from the first isolation step were combined and further purified by HPLC using a phenyl column with solvent conditions consisting of a linear gradient from 65% MeOH (0.1% TFA)/35% H 2 O (0.1% TFA) to 90% MeOH (0.1% TFA)/10% H 2 O (0.1% TFA) in 50 min at a flow rate of 9 mL/min. Thirty-five fractions (35 × 1 min) were collected between 16 and 51 min, and two pure compounds were obtained, denhaminol D (4, t R = 32 min, 1.2 mg, 0.002% dry wt) and denhaminol E (5, t R = 37 min, 2.4 mg, 0.004% dry wt). Fractions 75−77 (16 mg) obtained from the first isolation step were combined and further purified by HPLC using a Betasil phenyl column with solvent conditions consisting of a linear gradient from 65% MeOH (0.1% TFA)/35% H 2 O (0.1% TFA) to 90% MeOH (0.1% TFA)/10% H 2 O (0.1% TFA) in 50 min at a flow rate of 9 mL/ min. Thirty-four fractions (34 × 1 min) were collected between 16 and 51 min, and two pure compounds were obtained, denhaminol B (2, t R = 17−18 min, 3.1 mg, 0.005% dry wt) and denhaminol H (7, t R = 33 min, 1.0 mg, 0.002% dry wt). Fractions 83−90 (m = 12 mg) obtained from the first isolation step were combined and further purified by HPLC using a phenyl column with solvent conditions consisting of a linear gradient from 50% MeOH (0.1% TFA)/50% H 2 O (0.1% TFA) to 90% MeOH (0.1% TFA)/10% H 2 O (0.1% TFA) performed over 50 min at a flow rate of 9 mL/min. Twenty-nine fractions (29 × 1 min) were collected between 21 and 50 min, and two pure compounds were obtained, denhaminol G (8, t R = 37 min, 7.3 mg, 0.011% dry wt) and denhaminol F (6, t R = 39 min, 1.2 mg, 0.002% dry wt). Table 1 and δ H 7.69 (1H, d, J = 15.9 Hz, trans-OCin-9), 7.54 (2H, m, trans-OCin-9), 7.41 (1H, m, trans-OCin-9), 7.40 (2H, m, trans-OCin-9), 6.37 (1H, d, J = 15.9 Hz, trans-OCin-9), 2.25 (3H, s, OAc-11), 2.10 (3H, s, OAc-6), 1.81 (3H, s, OAc-1); 13 C NMR (CDCl 3 , 150 MHz) see Table 3 and δ C 170.4 (C, OAc-11), 170.2 (C, OAc-6), 169.9 (C, OAc-1), 165.5 (C, trans-OCin-9), 145.6 (CH, transOCin-9), 134.2 (C, trans-OCin-9), 130.8 (CH, trans-OCin-9), 128.9 (CH, trans-OCin-9), 128.2 (CH, trans-OCin-9), 117.4 (CH, transOCin-9), 21.5 (CH 3 , OAc-6), 21.1 (CH 3 , OAc-11), 21.0 (CH 3 , OAc Table 1 and δ H 7.75 (1H, d, J = 15.9 Hz, trans-OCin-9), 7.58 (2H, m, trans-OCin-9), 7.43 (1H, m, trans-OCin-9), 7.42 (2H, m, trans-OCin-9), 6.45 (1H, d, J = 15.9 Hz, trans-OCin-9), 2.25 (3H, s, OAc-11), 2.11 (3H, s, OAc-6), 1.83 (3H, s, OAc-1); 13 C NMR (CDCl 3 , 150 MHz) see Table 3 and δ C 170.4 (C, OAc-11), 170.1 (C, OAc-6), 169.5 (C, OAc-1), 167.6 (C, trans-OCin-9), 146.7 (CH, trans-OCin-9), 134.2 (C, trans-OCin-9), 130.8 (CH, trans-OCin-9), 128.7 (CH, trans-OCin-9), 128.4 (CH, trans-OCin-9), 117.2 (CH, trans-OCin-9), 21.6 (CH 3 , OAc-6), 21 Table 1 and δ H 7.69 (1H, d, J = 15.9 Hz, trans-OCin-9), 7.55 (2H, m, trans-OCin-9), 7.40 (1H, m, trans-OCin-9), 7.39 (2H, m, trans-OCin-9), 6.35 (1H, d, J = 15.9 Hz, trans-OCin-9), 2.18 (3H, s, OAc-11), 1.81 (3H, s, OAc-1); 13 C NMR (CDCl 3 , 150 MHz) see Table 3 Table 2 Table 2 X-ray Crystallography Analysis. Colorless crystals of denhaminol A (1) were obtained by crystallization from acetone. Unique data sets for 1 as the acetone solvate were measured at 173 K on an OxfordDiffraction GEMINI S Ultra CCD diffractometer with Cu Kα radiation utilizing CrysAlis software. 29 The structure was solved by the direct methods package SIR97 30 and refined by full matrix leastsquares refinement on F 2 using the WinGX software package 31 incorporating SHELXL. 32 Anisotropic thermal parameters were refined for non-hydrogen atoms; (x, y, z, U iso ) H were included and constrained at estimated values. Conventional residuals at convergence are quoted; statistical weights were employed. The absolute configuration of 1 was determined by anomalous dispersion effects (2735 Bijvoet pairs, Flack parameter 0.10(11)). 18 ORTEP-3 31 and PLATON 33 software were utilized to prepare material for publication. AlamarBlue and Live-Cell Imaging Assays. LNCaP cells were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). LNCaP cells were cultured in phenol-red-free RPMI-1640 medium (Thermo Fisher Scientific) supplemented with 5% FBS (Thermo Fisher Scientific) at 37°C in an atmosphere containing 5% CO 2 and maintained in log phase growth. Cell viability as a function of metabolic activity was measured by an AlamarBlue end point assay (Thermo Fisher Scientific) as previously described. 22 Briefly, LNCaP cells (4000 per well) were seeded for 24 h into 96-well tissue culture plates (Corning, Corning, NY, USA) and treated with the indicated compounds. Metabolic activity was measured with AlamarBlue according to the manufacturer's instructions (Thermo Fisher Scientific) after 72 h of treatment. Compounds were dissolved in DMSO and diluted in growth medium; the DMSO concentration in the medium did not exceed 0.4%. Control cells were treated with the equivalent dose of DMSO (negative control) or doxorubicin (SigmaAldrich, IC 50 = 36.1 ± 3.3 nM) as positive control. For live-cell imaging, cells were seeded and treated as above. As described before, 24 the 96-well plates were loaded into an IncuCyte live-cell imaging system (Essen BioScience, Ann Arbor, MI, USA), cells were imaged every 2 h for 96 h, and growth was measured as a function of increasing confluence. Calculations of half-maximal inhibitory concentration (IC 50 ) after 72 h of treatment were performed with GraphPad Prism (GraphPad Software). Each data point was performed in triplicate and repeated in three independent experiments.
Lipid Content Analysis. The fluorescence intensity of the lipophilic staining reagent Nile Red is linearly correlated with the cellular lipid content. 34 Depending on the hydrophobicity of the bound lipids, Nile Red displays different fluorescent emission maxima. 35 For example, Nile Red-stained neutral lipids such as triacylglycerols and cholesterol esters, which are mainly stored in lipid droplets, fluoresce with an emission maximum of ∼560 nm when excited at 485 nm. Nile Red-labeled polar lipids such as phosphatidylcholine, phosphatidylethanolamine, and phosphatidylserine, which are the main constituents of lipid bilayers, have an emission maximum at ∼620 nm. Optical 96-well plates (ibidi, Martinsried, Germany) were coated with 100 μL of poly-L-ornithine (SigmaAldrich) as described previously. 36 LNCaP cells were seeded at 3000 cells per well in phenol-red-free RPMI-1640 medium supplemented with 5% FBS for 48 h (Thermo Fisher Scientific). After 72 h of treatment, the medium was removed, and cells were fixed in 4% paraformaldehyde for 20 min on ice. Cells were then stained for 20 min at room temperature in the dark in 150 μL of PBS containing 1.0 μg/mL DAPI [2-(4-amidinophenyl)-1H-indole-6-carboxamidine, Sigma-Aldrich] and 0.25 μg/mL Nile Red (Sigma-Aldrich). Images were acquired on a Cytell Cell Imaging System (GE Healthcare, Little Chalfont, UK) using the DAPI, Cy3, and Cy5 channels at a 10× magnification. Image segmentation and quantitation of cellular mean fluorescence intensities of phospholipids (Cy5) and neutral lipids (Cy3) of ∼300 cells per treatment were performed with CellProfiler software (Broad Institute, Cambridge, MA, USA). Statistical significance was analyzed with GraphPad Prism by one-way ANOVA with Dunnett's multiple comparison test. Control cells were treated with the equivalent dose of DMSO (negative control) or TOFA (5-(tetradecyloxy)-2-furoic acid, Sigma-Aldrich) as positive control. Each data point was performed in duplicate and repeated in three independent experiments.
■ ASSOCIATED CONTENT * S Supporting Information 1D and 2D NMR spectra for denhaminols A−H (1−8) and LNCaP growth inhibition data at 100 μM. This material is available free of charge via the Internet at http://pubs.acs.org. 
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